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1. Introduction

During RAN1#76 and RAN2#85 the concept of 'edge of coverage' was introduced, but not fully defined. This concept aims to simplify the issue of how UEs in a partial coverage scenario communicate effectively. Two resource allocation modes were agreed [2], Mode 1, where the eNode B or Rel-10 relay schedules the resources for data and control, and Mode 2, where the UE selects resources from a pool.

In RAN2#85 the following agreement was reached [1]
"All UEs (Mode 1 (“scheduled”) and Mode 2 (“autonomous”)) are provided with a resource pool (time and frequency) in which they attempt to receive scheduling assignments"
While the following points were stated to be FFS:
· how the resource pool is configured/provided to all UEs in or out of coverage. (e.g. pre-configured; 
provided by eNode B in SIB; forwarded by UEs in coverage to UEs out of coverage)
· for Mode 1

· how the eNode B indicates the transmission resources to the UE

· for Mode 2

· how UEs in the “edge of coverage”, obtain the transmission resource pool by the eNode B 

· how UEs out of coverage obtain the transmission resource pool
This document will discuss these open issues and form conclusions on the most effective method of configuring resource pools for the different coverage areas.
2. Discussion

2.1 Coverage Areas

The method of configuring resource pools and allocating transmission resources for D2D broadcast communication will depend on the coverage area. An area known as 'edge of coverage' was introduced in RAN1#76 and RAN2#85 [1,2] in order to provide an approach to communication in the partial coverage scenario, where UEs may be moving between in-coverage and out-of-coverage while needing to maintain effective communication. 
The edge of coverage area may cover the scenario where one member of a group participating in a D2D broadcast communication enters a basement or other area where no connection to the eNode B is possible, and therefore cannot request resources in the normal manner. The edge of coverage area could be defined by having the ability to receive downlink transmissions from the eNode B while not being able to maintain an uplink connection, or possibly by being within D2D transmission distance of a UE able to read System Information. These scenarios are illustrated in Figure 1.

[image: image1.emf]UE A

UE C

UE E

In coverage

Edge of coverage

Out of coverage

UE D

UE B

-UE A and UE B are in coverage and can receive 

resource pool information from the eNode B in 

System Information

-UE C is in the edge of coverage area. It cannot 

read System Information but can receive resource 

pool information relayed by UE A

-UE D is in the edge of coverage area and can read 

System Information but has no uplink connection to 

the eNode B. 

-UE E is in the edge of coverage area but cannot 

read System Information.  Resource pool 

configuration is relayed by UE D.

- UE F is out of coverage  (there are no UEs 

receiving System Information within communication 

range) and uses the preconfigured resource pool

UE F


Figure 1. Coverage areas
The coverage areas are illustrated in Figure 1, with the corresponding text describing the resource pool configuration process for each device shown in the diagram. The edge of coverage scenario illustrated above allows resource pool configuration information to be obtained by an edge of coverage UE from System Information or from another UE.
2.2 Resource Pool Configuration

2.2.1 In-Coverage
It was agreed during RAN2#85 [1] that in Mode 1, a UE requests transmission resources from an eNode B, and the eNode B allocates resources for transmission of the scheduling assignment(s) and data. The UE will send a scheduling request followed by a Buffer Status Report, based on which the eNode B can determine the required amount of D2D resources. This is based on standard LTE procedure, so the resource grant for D2D should also be transmitted as in conventional LTE.
As stated in the introduction, it was agreed that all UEs (Mode 1 and Mode 2) are provided with a resource pool in which they attempt to receive Scheduling Assignments (SAs); this resource pool could be broadcast to all UEs by the eNode B or provided via dedicated signalling. As all UEs need to be monitoring the same resource pool(s) for SAs, it would be logical to provide this resource pool information in System Information to minimize the signalling overhead. The process for Mode 1 resource allocation is shown in Figure 2.
Proposal 1: Resource pool(s) for receiving Scheduling Assignments should be broadcast in System Information.
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Figure 2. Mode 1 resource allocation, in coverage
For Mode 2 resource selection when in-coverage, all UEs need to be provided with a resource pool for SAs and a resource pool for data. It would probably be most efficient to have separate resource pools for Mode 1 and Mode 2 Scheduling Assignments, to avoid collisions between resources allocated for SAs by the eNode B and those chosen autonomously by a UE.
Proposal 2: There should be separate resource pools for Scheduling Assignments for Mode 1 and Mode 2.

UEs that will be using Mode 2 for D2D communication resource selection will need to be informed of the resource pool for data. It was agreed during the previous meeting [1] that "the eNode B controls whether UE may apply Mode 1 or Mode 2 transmission" so there are two possible options for providing the Mode 2 data resource pool. It could be provided in System Information along with the Scheduling Assignments resource pools, or it could be provided via dedicated signalling at the point where the eNode B grants permission for a UE to use Mode 2 resource selection.
Observation: The configuration of the pool(s) available to a UE for Mode 2 (autonomous) resource allocation for data transmission (in coverage) could be transmitted in System Information or via dedicated signalling.
However, the eNode B needs to be able to alter the resources available to UEs for Mode 2 resource allocation, therefore if UEs were informed of the resource pool(s) via dedicated signalling any UEs which had been authorised to transmit D2D in Mode 2 would need to be informed individually by the eNode B each time the resource pool configuration was altered. This scenario could result in a high signalling overhead; therefore it would be more efficient to provide the Mode 2 resource pool configuration in System Information. A procedure based upon Mode 2 resource allocation for D2D communication while in coverage is shown in Figure 3.
Proposal 3: The resource pool configuration for Mode 2 resource allocation (in coverage) should be broadcast in System Information.
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Figure 3. Mode 2 resource selection, in coverage
2.2.2 Out of Coverage
There are two possible options for providing out of coverage UEs with the resource pool configuration. The resource pool could be preconfigured in all devices, or resource information could be relayed to out of coverage UEs by devices within coverage. However, there is no guarantee that an out of coverage UE will be close enough to a cell edge to receive relayed information from a UE within coverage, or that there would be a suitable UE within coverage available to relay the resource configuration information. It is also not practical to allow for a many hop (>2) relay scenario in order to provide resource pool information to a UE, due to the delay incurred in the process and the likelihood of gaps in the relay chain. 
Observation: A relay scenario involving multiple hops in order to provide resource pool configuration to out of coverage devices would be impractical.
For out of coverage UEs to receive information on the resource pool configuration via relay from other D2D devices, all devices would have to be preconfigured with resources to use for the transmission and reception of this resource pool configuration information. Therefore, although having resource information preconfigured means that the resource pool cannot be altered to take into account changing circumstances or controlled by the network, the obvious solution to the issue of providing out of coverage UEs with the resource pool for D2D Communication, including resources for both Scheduling Assignments and data, is to preconfigure this information in all D2D enabled Public Safety devices. This procedure is shown in Figure 4.
Proposal 4: D2D resources for out of coverage communication are preconfigured.
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Figure 4. Mode 2 resource selection, out of coverage
2.2.3 Edge of Coverage

The possible options for provisioning a resource pool for D2D communication in 'edge of coverage' UEs depends on the definition chosen for edge of coverage. For example, if a UE in the edge of coverage area can receive downlink transmissions from the eNode B then the resource pool configuration could be provided to the UEs in System Information. Alternatively if the UE cannot read System Information it will have to have resource pool information preconfigured or relayed by a nearby device.
Observation: The most appropriate method of configuring resource pool information for edge of coverage UEs depends on the definition of the 'edge of coverage' area.
Having resource pool information preconfigured for edge of coverage UEs would remove the possibility of modification of the pool by the eNode B. It would also prevent the possibility of the resource pool used for edge of coverage Mode 2 being the same as the pool for in coverage Mode 2 (if in use), as the pool for in coverage will probably be more restricted than the out of coverage resource pool and will potentially be regularly modified by the eNode B. Therefore, in order to allow modification of the resource pool by the eNode B, the resources will have to be provided via relay or received in System Information if the UE is able. These two scenarios are shown in Figures 5 and 6. 
Requiring UEs in coverage to relay resource pool configuration information would result in decreased battery life in the relaying UEs, so if possible it would be best for an edge of coverage UE to receive information on the resource pool configuration in System Information.
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Figure 5. Edge of coverage, UE B can read System Information
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Figure 6. Edge of coverage, UE B cannot read System Information
Proposal 5. If edge of coverage UEs can receive System Information the resource pool should be provided in that way. Otherwise, resource pool information should be relayed by nearby UEs.

This leaves the issue of how a UE knows to relay resource pool information to edge of coverage UEs. One possibility is that when a UE which is receiving System Information (either in coverage or edge of coverage) hears a D2D synchronization signal (D2DSS) it will automatically begin to relay resource pool configuration details obtained from System Information.
3. Conclusion

This document has discussed the most effective way of configuring resource pools for Scheduling Assignments and data for D2D communication in the three coverage areas: in coverage, out of coverage and edge of coverage.
The following proposals were made:
Proposal 1: Resource pool(s) for receiving Scheduling Assignments should be broadcast in System Information.

Proposal 2: There should be separate resource pools for Scheduling Assignments for Mode 1 and Mode 2.

Proposal 3: The resource pool configuration for Mode 2 resource allocation (in coverage) should be broadcast in System Information.
Proposal 4: D2D resources for out of coverage communication are preconfigured.

Proposal 5: If edge of coverage UEs can receive System Information the resource pool should be provided in that way. Otherwise, resource pool information should be relayed by nearby UEs.

The following observation was made:

Observation: A relay scenario involving multiple hops in order to provide resource pool configuration to out of coverage devices would be impractical.
Observation: The most appropriate method of configuring resource pool information for edge of coverage UEs depends on the definition of the 'edge of coverage' area.

Signalling diagrams have been included in the document to show possible resource allocation procedures for the difference coverage areas.

Proposal 6: Incorporate the above signalling diagrams for D2D resource allocation into the D2D study report [3].
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